Purpose: Glioma is identified as a broad category of brain and spinal cord tumors. MiR-32 is important in regulating the genesis of different cancers; however, the underlying mechanisms of miR-32 in glioma still largely unknown. This study aimed to elucidate pathobiological functions of miR-32 in glioma and verify its effect on the regulation of enhancer of zeste homolog 2. Methods: The expression of miR-32 and enhancer of zeste homolog 2 was detected by quantitative real-time polymerase chain reaction and Western blot in glioma tissues and cells. Cell Counting Kit-8 (CCK-8) assay was used to examine the effects of miR-32 on human glioma cells proliferation. Transwell assay was used to examine cell metastasis, respectively. Two bioinformatics analysis software and luciferase reporter assay were chosen to confirm targeting association between miR-32 and enhancer of zeste homolog 2. Results: MiR-32 was downregulated in glioma tissues and cells. Furthermore, enhancer of zeste homolog 2 expression was upregulated and negatively correlated with miR-32 in clinical tissues. Ectopic expression of miR-32 inhibited glioma cell proliferation, migration, and invasion. Enhancer of zeste homolog 2 was identified as direct target gene of miR-32 in glioma. Overexpression of enhancer of zeste homolog 2 ablated the inhibitory effects of miR-32. Conclusion: In summary, our finding suggests that miR-32 acts an important role in inhibiting glioma cell proliferation and metastasis and suppresses the expression of ABCC4 by directly targeting its 3 0 -untranslated region. The miR-32/enhancer of zeste homolog 2 axis may provide new insights to the treatment for glioma.
Instruction
Glioma is the most untreatable and aggressive type of primary neoplasm of the central nervous system in adults, with significant mortality, increasing relapse, and poor survival rate. 1 The gliomas are classified into grades I to IV by the World Health Organization (WHO) classification according to the degree of malignancy. 2 Glioblastoma multiforme (WHO grade IV) has been the most aggressive primary brain tumor, 3 and about 10 000 cases of glioma are diagnosed every year. 4 Although the availability of multiple strategies such as maximal surgical excision, radiation therapy, or chemotherapy for the glioma therapy in recent years, 5 the strong metastasis ability of malignant gliomas cells impeded the surgical resection and radiotherapy effect of glioma treatment. 6 The molecular mechanisms of glioma propagation or metastasis require further studies, it is imperative to clarify the precise mechanism and find out novel therapeutic treatments for glioma patients.
MicroRNAs (miRNAs), a kind of noncoding RNA, were 20 to 24 nucleotide in length in eukaryotic organisms. 7 MicroRNAs negatively modulate gene expression transcriptionally or post-transcriptionally by binding to their 3 0 -untranslated regions (3 0 -UTRs), thereby inducing their degradation and/or translational repression. 8, 9 Functional studies have suggested the involvement of miRNAs in various physiological and pathological processes, such as the cell cycle, cell division, cellular development, apoptosis, metastasis, and angiogenesis. [10] [11] [12] MiR-32 is a miRNA which located on chromosome band Xq26.2 works differently in tumors. For example, its expression was reduced in gastric cancer 13 and osteosarcoma, 14 and upregulated in colorectal cancer 15 and prostate cancer. 16 A variety of miRNAs including miR-32, miR-29b, and miR-222 have been found being downregulated in glioma patients. 17 Therefore, we want to investigate the mechanism of miR-32 in glioma patients from the clinical perspective.
Enhancer of zeste homolog 2 (EZH2) is the core structural composition of polycomb group gene family, which is involved in cell cycle regulation and carcinogenesis through methylating H3K27. 18 Enhancer of zeste homolog 2, as a tumor-promoting gene, might play important role in tumorigenesis on account of its alterations of a great range of tumors such as colorectal cancer, 19 clear cell renal cell carcinoma, 20 non-small cell lung cancer, 21 and breast cancer. 22 Intriguingly, miR-32 participates in the regulating of EZH2 expression in human oral squamous cell carcinoma, 23 but the potential effect of miR-32 on EZH2 remains unconfirmed in glioma.
We examined miR-32 was frequently downregulated in glioma tissues and cells. MiR-32 abnormal expression could inhibit glioma cell proliferation and metastasis. Enhancer of zeste homolog 2 is a novel target gene of miR-32. Additionally, miR 32 protein level was higher in glioma tissues, and EZH2 was negatively associated with miR-32 in glioma. The newly identified miR-32/EZH2 axis partially represents a novel potential therapeutic target for glioma treatment.
Materials and Methods

Tissues Samples
From Cangzhou Central Hospital (Cangzhou, Hebei Province, China), a total of 70 cases of tissue specimens including human glioma tissues and paired normal adjacent tissues were obtained from spinal glioma who underwent surgery between March 2016 and September 2017. Liquid nitrogen was used to flashfrozen all the tissue specimens, and then the specimens stored at À80 C. None of spinal glioma patients had received chemotherapy or radiotherapy before surgery. The use of human specimens was approved by the Ethics Committee of Cangzhou Central Hospital (Approval No. 2016-14) . All patients provided written informed consent prior to enrollment in the study. The patients' information is summarized in Table 1 .
Cell Lines
The 4 cell lines (U87, U251, A172, and U118) and primary normal human astrocytes (NHA) were obtained from ATCC (Manassas, Virginia). All cells were cultured in Dulbecco Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS; Invitrogen, Carlsbad, California), 2 mM L-glutamine (Invitrogen), 100 U/mL penicillin (Invitrogen), and 0.1 mg/mL streptomycin (Invitrogen) at 37 C and 5% CO 2 . Tumor cells were plated onto a 6-well plate at a density of 3 Â 10 5 cells/well for about 24 hours prior to transfection. MiR-32 mimics/inhibitor and miRNA negative control (NC) were transfected into cells using Lipofectamine 2000 Reagent (Invitrogen). Small interfering RNA targeting EZH2 and small interfering NC were synthesized by RiboBio (Guangzhou, China). Then, cells were used for cell proliferation and metastasis after transfection. Enhancer of zeste homolog 2 overexpressed plasmid (pCDNA3.1-EZH2) and blank plasmid were obtained from Genepharma (Shanghai, China). 
Western Blot
Cultured cells were collected and lysed with (Radio Immunoprecipitation Assay [RIPA]) lysis Buffer (Beyotime, China). The measurement of total protein concentration used BCA Assay Kit (Beyotime, China). Protein (20 mg) was resolved on 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis, and then transferred to polyvinylidene fluoride membrane (Millipore, Darmstadt, Germany). The membranes were blocked by 5% skimmed milk in tris buffered saline containing 0.1% Tween-20 (TBST) and incubated with specific primary antibodies rabbit polyclonal anti-EZH2 antibody (ab186006, 1:1000; Abcam, Cambridge, United Kingdom) or rabbit polyclonal anti-GAPDH (ab9485, 1:1000; Abcam) at 4 C overnight. Subsequently, the membranes were incubated in the goat polyclonal antirabbit immunoglobulin G H&L secondary antibody (ab150077, 1:2000; Abcam) at room temperature for 1 hour. GAPDH was used as internal control. Image J software (National Institutes of Health, Bethesda, Mary Land) was used to quantify the protein bands.
CCK-8 Assay
Cell Counting Kit-8 (CCK-8) assay (Dojindo, Japan) was chosen to detect cell proliferative capacity. Briefly, cells (1 Â 10 5 ) transfected with miR-32 mimics/inhibitor were reseeded into 96-well plates. Subsequently, the cells were incubated for 0, 24, 48, 72, and 96 hours at 37 C with 5% CO 2 . CCK-8 reagent (10 mL) was added into each plate for 2 hours incubation at 37 C. The supernatant was removed and dissolved the formazan crystals by dimethyl sulfoxide (DMSO) (150 mL/well). The absorbance at 450 nm was detected using microplate (Bio-Rad, San Jose, California).
Transwell Assay
The ability of glioma cell metastasis was measured by transwell assay with or without Matrigel (Clontech, CA). For the migration assay, 1 Â 10 5 glioma cells were seeded into the top of 24-well transwell chambers (BD Biosciences). The lower chamber was added with DMEM medium with 20% FBS. Following 2-day incubation, the nonmigrated cells were carefully removed using cotton swabs. Then, migrated cells were fixed with methanol, stained with 0.05% crystal violet at room temperature for 15 minutes, and washed with phosphate-buffered saline and dried in air. Finally, migrated cells were photographed using inverted microscope (Olympus Corp, Tokyo, Japan). Invasion assay was conducted in the similar manner except that transwell chambers were precoated with Matrigel.
Luciferase Assay
Potential targets of miR-32 were predicted by choosing the bioinformatics analysis software miRanda (www.microrna.org/microrna/home.do) and TargetScan (www.targetscan.org). The wild type (WT) and mutant type (Mut) 3 0 -UTR of EZH2 were cloned into pGL3-REPORT luciferase vector (Ambion; Thermo fisher Scientific, Inc., California). For the luciferase assay, the cells were seeded into a 24-well plate at a density of 1.5 Â 10 5 cells/well and cultured overnight at 37 C prior to cotransfected with a reporter plasmid, along with miR-32 mimics and WT or Mut 3 0 -UTR of EZH2 using Lipofectamine 2000 transfection reagent at 37 C. Following 48 hours of incubation, the cells were harvested, and then detected by using Dual-Luciferase Reporter Assay System (Promega).
Statistical Analysis
All the results were present as the mean (standard deviation, SD). Each assay was repeated 3 times independently. P < .05 was considered to be significantly different. Data were analyzed with 2-tailed Student t test or 1-way analysis of variance using SPSS (version 19.0; IBM Corp, Armonk, New York). Student-Newman-Keuls method was used to compare differences between 2 groups in multiple comparison analyses following 1-way analysis of variance.
Results
MiR-32 Is DownRegulated and EZH2 Expression Is Upregulated in Glioma
The miR-32 expression was detected in 70 cases of tissue specimens including human glioma tissues and paired tissues by qRT-PCR. In Figure 1A , the miR-32 expression was decreased in glioma tissues than that in paired tissues. Analogously, lower miR-32 expression was observed in 4 glioma cell lines compared with NHA ( Figure 1B) . These results presented that miR-32 was downregulated in both the glioma tissues and cell lines. Table 1 presents the results of the correlation analysis between clinicopathological characteristics and the relative miR-32 expression in glioma patients. There were significant differences in Karnofsky Performance Score and WHO grade between the high miR-32 expression group and the low group (P ¼ .009; P ¼ .022, respectively). However, we did not find any significant differences in the age and gender group of miR-32 expression (Table 1) .
Furthermore, the EZH2 expression in the glioma tissues was also determined. Enhancer of zeste homolog 2 mRNA was increased in the glioma tissues compared with the paired tissues ( Figure 1C) . Then, miR-32 expression was inversely correlated with the EZH2 level in these clinical specimens ( Figure 1D ). There was an inverse correlation between miR-32 and EZH2 mRNA expression by Spearman correlation analysis in glioma tissues (r ¼ À0.7077; P < .01). The above results indicated that the reduced expression of miR-32 and increased EZH2 level may play an essential part in the progression of glioma.
MiR-32 Inhibits Cell Proliferation, Migration, and Invasion of Glioma
We established stable cells to examine the functions of miR-32 in glioma in both U251 and U87 cells, miR-32 mimic/inhibitor was transiently transfected into both cell lines. The miR-32 expression was higher after transfecting with miR-32 mimic, while the miR-32 expression was reduced when transfected with miR-32 inhibitor (Figure 2A and B) . Firstly, we used CCK-8 assay to measure glioma cells proliferation. MiR-32 overexpression inhibited glioma cell proliferation, and miR-32 inhibitor could promote proliferative abilities ( Figure 2C and D). Transwell assays were performed to assess whether miR-32 influenced invasive and migration abilities of glioma cells. High expression of miR-32 significantly inhibited cell migration in 2 glioma cell lines, whereas inhibiting miR-32 expression promoted cell migration ( Figure 3A and B) . Overexpression of miR-32 inhibited cell invasion, and conversely, transfection with miR-32 inhibitor promoted cell invasion ability ( Figure 3C and D) . Overall, these results revealed that miR-32 may serve as tumor suppressor in glioma progression.
MiR-32 Directly Targets EZH2
To further explore the detailed mechanism of miR-32-regulated glioma progression, prediction program of TargetScan Human software was chosen to analyze the miR-32 putative targets. The results showed that EZH2, a key transcription factor involved in development of a diversity of tumors, was a potential target of miR-32. Figure 4A showed putative binding site of miR-32 in the 3 0 -UTR region of EZH2 mRNA. To further confirm whether EZH2 is the target of miR-32, the dual luciferase reporter assay was conducted with U251 and U87 cells. Results showed that the high expression of miR-32 inhibited the luciferase activity in cells transfected with 3 0 -UTR-WT luciferase plasmid, and low expression of miR-32 enhanced the luciferase activity in U251 and U87 cells; however, mutation of this putative binding site abrogated the inhibitory effect by miR-32 ( Figure 4B and C) . The EZH2 expression was decreased after overexpression of miR-32 in U251 and U87 cells ( Figure 4D ). Moreover, knockdown of miR-32 had the opposite influence on EZH2 expression to that of miR-32 overexpression. These upon results indicate that EZH2 is a direct target gene of miR-32.
Overexpression of EZH2 Ablated the Inhibitory Effects of miR-32
Given evidence has indicated EZH2 was the direct target of miR-32 in the U251 and U87 cells, EZH2 might take part in miR-32-mediated inhibition of glioma cells proliferation. To detect whether overexpression of EZH2 would simulate miR-32-mediated effects, overexpression of EZH2 was transfected into U251 and U87 cells. The qRT-PCR suggested the EZH2 mRNA level was reduced by miR-32 mimic, and the levels were restored after con-transfected EZH2 and miR-32 mimic ( Figure 5A and B) , and then we calculated glioma cell proliferation. Subsequently, the effect of EZH2 on relative cell Figure 3 . MiR-32 inhibits glioma cell migration and invasion. A and B, Ectopic expression of miR-32 significantly suppressed U251 and U87 cell migration, whereas inhibiting miR-32 expression promoted U251 and U87 cell migration. C and D, The overexpression of miR-32 dramatically inhibited U251 and U87 cell invasion, whereas inhibition of miR-32 expression significantly promoted cell invasion. ***P < .001, **P < .01, and *P < .05. viability regulated by miR-32 was investigated by CCK-8 assay. The results showed that the overexpression of EZH2 increased viability of glioma cells, and EZH2 may reverse the miR-32-inhibiting effect on glioma cell proliferation ( Figure  5C and D) . These results demonstrated that miR-32 functioned as a tumor suppressor through regulating EZH2.
Discussion
Dysregulation of miRNAs might lead to uncontrolled and progressive tumorigenesis and has been thoroughly reported in almost all kinds of human malignancies, such as glioma. [24] [25] [26] Mounting evidence has demonstrated miR-32 could act as an inhibitor or oncogene in malignant biological behaviors such as cell growth, invasion, and migration in different cancers. [13] [14] [15] But the molecular mechanism in which miR-32 regulates the progression and development of glioma has not been totally investigated.
More and more data indicated that miR-32 has different expression in different tumors. For example, the miR-32 expression was significantly decreased in lung cancer, 27 on the contrary, was raised in renal and prostate cancer tissue. 28, 29 Moreover, miR-32 has divergent effects on different cancers, such as miR-32 could inhibit gastric cancer and osteosarcoma cell proliferation, migration, and invasion 13, 14 and promote progression of CRC cells. 15 We firstly demonstrated the synthesized analysis of miR-32 effects on glioma in this report. This research demonstrated that the miR-32 expression was decreased in glioma tissues and cells. We hypothesized that miR-32 may play as tumor suppressor of gliomas based on these results. In order to prove this hypothesis, we examine the miR-32 functions in the progression of glioma. We found that miR-32 inhibited proliferation and metastasis of glioma. MicroRNAs has been demonstrated to be involved in modulating the tumor physiological process or pathogenesis by negatively regulating target genes, and miRNA could target to about 1/3 of human genes. 30 We predicted that EZH2 acts as one target of miR-32 with microRNA Targetscan software.
MiRs exert their functions through inhibiting their target genes' expression 31 ; therefore, it is important to elucidate their target genes. As a tumor-promoting gene, EZH2 has a significant influence in cellular proliferation, apoptosis, migration, and invasion of tumor. 32, 33 The levels of EZH2 in glioma, 34 oral squamous cell carcinoma, 35 and prostate cancer 36 tissues are higher than their normal adjacent tisssues, and overexpression of EZH2 was confirmed as specific predictor of poor prognostic role for patients. Chang and Hung reported that EZH2 plays important role in tumor progression. 37 Furthermore, Lu et al EZH2 could regulate tumor angiogenesis by epigenetic activation of specific pathways. 38 Further analysis corroborated EZH2 expression was raised in OSCC and could affect OSCC carcinogenesis. 35, 39 Previous study showed that miR-32 proliferation, migration, and invasion and promoted cell apoptosis of human oral squamous cell carcinoma cells via targeting EZH2, 23 which was largely consistent with our findings of the miR-32 effect. The results presented that EZH2 was a direct target of miR-32 in glioma by luciferase reporter assay. MiR-32 expression inversely correlated with EZH2 in glioma tissues, and the luciferase reporter and Western blot also showed that overexpression of miR-32 inhibited 3 0 -UTR luciferase report activity, and this influence was abolished by mutation of the miR-32 seed binding site. Given evidence has indicated EZH2 was the direct target of miR-32 in the U251 and U87 cells, EZH2 might take part in miR-32-mediated inhibition of glioma cell proliferation. The results showed that the overexpression of EZH2 increased viability of glioma cells, and EZH2 may reverse the miR-32-inhibiting effect on glioma cell proliferation. These results suggested that EZH2 is a direct gene of miR-32, miR-32 functioned as a tumor suppressor via regulating EZH2. The above results suggested that miR-32 may function as tumor inhibitor by repressing EZH2 expression in glioma progression.
In summary, our findings identified the specific molecular mechanisms of miR-32 in human glioma proliferation, and verified EZH2, a multifaceted oncogene, as the downstream target gene of miR-32, whose expression was suppressed by miR-32. MiR-32 is able to inhibit EZH2 expression by directly binding to its 3 0 -UTR. Thus, miR-32 may be considered as a tumor suppressor and may develop to be a novel strategy against gliomas.
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